In this study, the usability of boron carbide as a reinforcement material in friction composites was investigated experimentally. Hence, composite samples containing different amounts of boron carbide (5%, 10% and 15%) were produced and compared with boron carbide-free sample. Friction and wear tests were determined by a full scale brake friction tester according to TS 555 and TS 9076 standards. The hardness of the samples was calculated by Rockwell hardness tester and the density was calculated according to Archimedes' principle. The results showed that boron carbide could be used as a reinforcement material in friction composites.
Introduction
Composite materials are materials formed by combining two or more materials with non-chemical methods in order to carry the desired properties according to the place where they are used. The materials that form the composites consist of matrix and reinforcement. Matrixes are materials in the form of adhesives for holding the components together. It also has the duties of holding the reinforcing materials in the desired shape and orientation, transferring the load to the fibers with reinforcing material, and protecting against external factors such as moisture and temperature. Reinforcement materials are called fiber materials which are used to increase the strength of the composite and improve its structural properties. Various materials such as glass fiber, carbon fiber, boron fiber, aramid fiber are used according to the purpose of the composite as reinforcement material in composite materials. Friction composites are used in places such as braking systems of highways and rail transport vehicles. In brake systems, kinetic energy of the vehicle is converted to heat by friction and motion is controlled. Consequently, composites that are resistant to abrasion and environmental conditions such as temperature, humidity and have high friction coefficient are preferred in brake systems. In order to meet these properties expected from composites, many components with different properties can be added to the content. In literature, it is observed that average 8-10 materials are used for friction composites [1] [2] [3] [4] . Each material included in the content has a different purpose to form friction composites. In addition to resins used as adhesives and various fibers used as reinforcing materials, friction modifiers, solid lubricants, metallic chips for the transmission of heat caused by friction, and various fillers are used to reduce cost and increase reproducibility. In the studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , the usability of materials such as aramid fiber, carbon fiber, metal fibers, palm kernel fibers, glass fiber, fly ash fiber, sisal fiber, stone wool fiber and organic fiber as a reinforcement material was investigated experimentally. Necessary tests have been carried out using various materials such as waste vehicle dust, alumina, fly ash, banana peel, powdered pine cone and steel wool as the friction regulator [18] [19] [20] [21] [22] [23] . In addition, studies on the use of boron products in friction composites [24] [25] [26] [27] [28] [29] are relatively limited.
In this study, boron carbide was used as reinforcing material in friction composites. Four samples containing 5%, 10% and 15% by weight of boron carbide, one of which is a reference sample without boron carbide, were produced by powder metallurgy. The wear and friction properties of the samples were obtained using a full-scale brake tester. The hardness and density measurements and the physical properties of the samples were determined and their performances were compared according to the boron carbide ratio used.
Material and Method
It has been proved by studies [21, [30] [31] [32] [33] [34] [35] [36] ] that the type, particle size, shape and amount of the materials constituting the composite directly affect the friction and wear properties. Accordingly, the properties of the materials and the previous studies were taken into consideration while creating the composite content. Composite content and properties of materials are shown in Table 1 . B0, B5, B10 and B15 are the names given to the samples in Table 2 . The letter B is boron carbide and the number indicates the percentage in the composite. All the ingredients are in powder form and the conventional powder metallurgy method is used for the production of the samples. First, the powders were weighed with a precision balance and placed in a mixing bowl and mixed for 10 minutes to obtain a homogeneous mixture. The mixture was first shaped in a cold press mold and then cured with the help of hot press molds to obtain the final product. A literature review of the production conditions of the samples was performed and the parameters are shown in Table 3 . Hardness values of the samples were calculated with Rockwell hardness tester and density measurements were calculated using Archimedes principle. Non-contact thermometer was used to measure the heat generated during friction tests and data were obtained via the friction tester software. In order to obtain the properties of the samples such as wear and friction coefficient, tests were carried out according to TS 555 (Brake Lining for Road Vehicles) and TS 9076 (Road Vehicles-Brake Linings-Evaluation of Friction Material Characteristics-Small Sample Bench Test Procedure) [37] [38] . The samples were tested in a full-scale friction device shown in Fig. 1 , using a gray cast iron disc of 280 mm diameter and 116 HB hardness. The device is fully computer-controlled and includes data acquisition software.
Fig. 1. Friction test equipment

Results and Discussion
The most important parameter when evaluating friction composites is the friction coefficient and specific wear rate values of the material. Composites with high friction coefficient and low specific wear rate are preferred in places such as brake systems. Before starting friction tests, friction was achieved until approximately 95% of the surface of the specimen and the disc contacted. This process is called "running in" in the literature. As shown in the graphs, the coefficient of friction is very low at the beginning of the test and gradually increases. This is because the pressure applied to the surface of the sample by the disc is gradually increased. Sudden pressure on the sample can cause structural damage. It can also be said that the friction force at the beginning of the test is effective because the friction layers are not yet formed. When the change in the friction coefficient depending on the amount of boron carbide is examined, it can be said that boron carbide ratio has an effect on both increasing the friction coefficient and improving the friction stability. Fig. 3 shows the temperature change between the sample and the disc during friction tests.
When examined the temperature values due to friction between the disc and the sample during friction test, it was concluded that there was no direct correlation with the boron carbide content. In addition, based on the highest temperature values, it is assumed that the contents do not harm the physical and chemical structure. If the interface temperature reaches the curing temperature of the resin that holds the materials together, the composite may be disintegrated.
The density, average friction coefficient and specific wear rate values of the samples are shown in Fig. 4 . Accordingly, when the friction characteristics of the samples are examined, the average friction coefficient value of the B5 coded sample containing 5% boron carbide is higher than the others. When the specific wear rate values are examined, it is concluded that it shows a tendency towards boron carbide amount.
When the hardness values of the samples given in Table  4 are examined, it is concluded that there is no direct correlation with the amount of boron carbide in the content. However, when the density values of the samples in Fig. 4 and hardness values are examined together, it is seen that the density increases as the hardness increases. This situation is consistent with the studies in the literature. One of the parameters that should be examined when evaluating the performance of friction composites is friction stability. Friction stability is calculated as a percentage of the average friction coefficient to the highest friction coefficient reached during the test. In order for the composites to have a good friction performance, it is desirable that the friction stability be as high as possible and close to 100. In addition, in the friction coefficient curves in Fig. 2 , the slope and fluctuations are expected to be minimum. The friction stability of the samples is shown in Fig. 5 .
The friction stability of the B0 coded sample without boron carbide content was 81.4%, the friction stability of the B5 coded sample was 84.9%, the friction stability of the B10 coded sample was 83% and friction stability of the B15 coded sample with 15% boron carbide content was calculated as 84.9%.
200 magnification optical microscope images of the samples are shown in Fig. 6 . As expected, abrasion gaps were found on the friction surfaces of the samples. When the distribution of metallic chips such as steel wool and brass shavings on the surface is examined, it can be said that it exhibits a homogeneous distribution. 
Conclusions
In this study, the usability of boron carbide as a reinforcing material in friction composites was investigated and necessary tests were conducted. The results are summarized below:  According to the test results, all samples are compatible with the literature, can be applied in industry and comply with TS 555 standard.  The average friction coefficient of the B15 coded sample containing 15% boron carbide content is 0.5 and higher than the other samples.  As the amount of boron carbide increased in samples, specific wear rate value increased. The specific wear rate also depends on the friction coefficient.  The physical properties of the samples such as density and hardness are not directly related to the amount of boron carbide in content.  Although the percentage of friction stability of the samples coded B5 and B15 is the same, the slope and fluctuations are less in the friction coefficient graph of the B5 coded sample.
